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Software development is the act of building computer programs that operate computers and other related products. Since software is now pervasive in today’s world, it has become vital that there exist standards as to the ways and methods of producing quality software. Invariably, as is common with any field, with time these methods have evolved as the software and its systems have become complex, expensive and critical.
An engineering field has developed around software development and focusses on software production from early stages of system specification through to maintenance of the resultant systems. It includes the engineering aspects which mean the theories, methods, and tools of the disciple and the non-technical aspects such as project management, tools, methods and theories supporting software development [1].

Software processes are the related actions necessary to the production of software and its resultant system. For any software process to work and deliver results, it is necessary to follow a system. Any software engineering activity process would involve in various forms the following:
i) specification and requirements 
ii) design 
iii) development
iv) validation
v) evolution

This is generically known as the software development lifecycle (SDLC). Also in addition to the activities it is also vital to consider the outcome of the process, parties involved and any conditions that were party to the process. It should be recognised that no software or its system is developed the same. How these activities are carried out, therefore, determines what kind of life cycle model is used. 

This report will consider the Agile methodology of SDLC and in particular Scrum and a case study of its use.  
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As the software landscape has continued to develop, it’s become necessary to change the method of software development from plan-driven processes to rapid software development [1].  As customer requirements and working requirements changed it become increasingly difficult to deliver software that met the original requirements. The changes included system change, change in regulation, market dynamics, user knowledge, internet, and world events. Due to the problems of delivery of redundant software caused by the length of time it took in plan-driven development, new types of development models become necessary. The need for rapid software development and delivery became essential. 

In the early 1990s, the development of agile methods started with methods such as Extreme Programming (Kent Beck 1999,2004) [2], Scrum (Schwaber and Beedle)(Takeuchi and Nonaka) [3] [4] and Dynamic Systems Development Method/ Atern (Stapleton) [5] among others. 

All of the agile methods share a number of common characteristics:
i) processes of specification, design, and implementation are commingled. 
ii) the system is developed in a series of increments. 
iii) communication with end users and other stakeholders is part of each iteration existence. Changes of user requirements are captured and delivered as future deliverables and do not interfere with current deliverables.
iv) tools are used extensively to support testing, system continuous integration, and delivery.
v) quality focused in delivery working software.
vi) refactoring of code and/ or design.

The philosophy of agile methods is best captured in the Agile manifesto [6]. The manifesto brought together proponents of various agile methodologies in 2001 in Snowbird, Utah where all agreed on four values and twelve principles (See Appendix). The use of agile methodology is now widely used as the approach for software development in large or small projects. The success of agile methodologies has resulted in them being recognised as appropriate methodologies for SDLC and become part of the international standards ISO 12207:2017 [7]. 

Since the Snowbird retreat, the Agile methodologies were adopted into software development and can now be judged to have become mainstream [8]. The successes of Agile where traditional SDLC methods failed publically propelled their adoption. Encouragingly, success was not only seen in private, commercial, for-profit projects but also in public government projects. Example of stellar examples of success in government projects includes the FBI [9] [10], UK GDS [11], DVLA [12] , Deloitte report [13] among many others.

Below is a summary between Agile and Plan-driven methodology:
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Table 1 Comparison of Agile and Plan-driven methodology
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Figure 1 Agile Practices [14]
One of the Agile methodologies that garnered popularity was Scrum.
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Scrum was initially thought to be an adaptive software development method [3] [14]. Developed by Ken Schwaber and Jeff Sutherland, Scrum is a framework for developing, delivering and sustaining complex products [15].  It is intended to be lightweight, simple and paradoxically difficult to master with broad applicability for managing and controlling iterative and incremental projects.

Scrum consists of three roles, three artifacts and five events [10]. First, it is important to define the roles within Scrum. There are two groups and three main roles in Scrum. The roles are:
· Product owner – the product owner represents the customer, end user, and all other stakeholders of the software and its systems. The product owner writes the requirements in the form of user stories which are added to a product backlog. It consists of bug fixes, non-functional requirements, and features. The product owner verifies the delivered software after each sprint cycle to confirm it meets the user stories. The product owner defines the priority of the backlog items that are added to the sprint backlog all constraints considered. The product owner acts as the bridge between the development team and other stakeholder and therefore is responsible for providing updates to the stakeholders including demonstrating delivered software. The product owner will schedule and announce the releases. Since the product owner is in control of the final deliverable, the product owner can delay, cancel or replace and prioritise items on the product backlog.
· Scrum master – the Scrum master is the problem solver of the process. The Scrum master is the knowledge guru of the Scrum principles and ensures that the process stays on track, challenging the team to improve, and chairing the meetings. 
· Development Team / Team member – since Scrum is self-organising, the team is the core of the methodology and is left to determine the best way of delivering working software at the end of the sprints. This principle is radical from the traditional SDLC methodology which followed Taylor’s [16] methods of management. This was a top-down approach, where decisions of the best method were made by others and not the workers [17].

The groups are pigs and chickens. The pigs represent the roles that are actively committed in the sprint process i.e. Scrum master and development team and have a vested interest and the chickens who represent roles that are only invested in the process e.g. the product owner. The ideal size of a Scrum team is 7+-2 members. 

The artifacts of the Scrum process are the increment, product backlog, and sprint backlog. These artifacts are as a result of events in the process. These events are the sprint, sprint planning, daily Scrum, sprint review, and sprint retrospective.

The goal of a Scrum is to deliver as much working software within a predefined period of time of between 2-4 weeks, called Sprint cycles. Each stage of the SDLC is mapped to a Sprint or Sprints. Scrum meetings include the sprint planning, the sprint retrospective, sprint review, and the daily Scrum. The start of a Scrum sprint process is getting the product backlog defined by the product owner. The product backlog could include entries from user stories, bugs, refactoring instructions or knowledge requests. Once the product backlog has been defined and prioritised, the top priorities are select by the team in the sprint planning meeting for the next sprint. A sprint goal is set for the sprint. At the start of each day during the sprint, the team answers the question of what they did yesterday, what they will do on the day and highlight any blockers. 

At the end of a sprint, a sprint review meeting is held where the sprint goal and the working software which is a shippable product increment are reviewed. The meeting should be no more than four hours in length [10]. The outcome of the meeting should be consideration of the increment functionality of the delivered software, decide on the next sprint focus and decide on what needs is needed to proceed or stopped. A sprint retrospective is a meeting where the team reflects on the just concluded sprint cycle. This meeting too should not exceed four hours and should provide a chance to look back at the last sprint and identify things to stop doing, things to keep doing and things to start doing. The team should be able to air freely any issues and agreement of continuation of using Scrum for delivery.

Every team has its own velocity. Velocity is an estimate of how much of the product backlog a team is able to cover in a single sprint. The velocity is therefore affected by the size of the team and the skill set of the team. The team dynamics are important in being able to determine the velocity.

Including the product backlog and the sprint backlog, Scrum also includes a burndown chart which visually represents the movement of the completed sprint backlog items and a task board which reflects the backlog items journey between ‘to do’, ‘in progress’, ‘to verify’ and ‘done’ zones. A release burndown chart is also managed by the Scrum master to represent the view of the product backlog items completed against sprint cycles journey. This provides an overview for the product owner on the progress of the development and gives a traditional project progress report chart.

A success story and poster child of the adaptation of Scrum and use of Agile methodology in the commercial world is Spotify. 
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Spotify is a music streaming service that started in early 2006. Spotify chose Scrum as the agile methodology to use as it gave them a nice team culture and fit well with the mission of “Music for everyone”. When Spotify grew exponentially, the small team that Scrum offered all the solutions grew to a group of teams [18]. Scrum practices were getting in the way of working. Spotify took the decision that to add to the methodology from a focus of only Scrum and more to Agile. Spotify kept the structure of Scrum but added to it where necessary. As Henrik [18] says, “Rules are a good start, then break them when needed”. 

At Spotify, the team is called a Squad [19]. This is similar to a Scrum team. The teams are autonomous and are the core decision making organ at Spotify. This relates to the Scrum agile method where the teams are self-organising that decide on the “how” to deliver in a sprint cycle. A squad is usually a group of 8 people. This is consistent with the Scrum team of a size of 7+/- 2 members. The squad sits together and are responsible for the design, development, testing, and release to production. The squads are allowed to use sprints or any agile method that they choose. This fits in with the original thinking of authors of the Agile manifesto who stated that it should be about the individuals and interactions over processes and tools [6]. 

Each squad is expected to stick to one vision and product at a time. It is expected that the squads will deliver a minimum viable product and have A/B testing. This is the same principle of Scrum where the sprint goal at the end of a sprint should be met by the delivered working software at the sprint review meeting. 

In every squad, a product owner is embedded with the team. The product owner prioritises the work to be done by the squad but is not involved in how the teams deliver. The latter part is in keeping with Scrum where the development team is left to decide on how to deliver the software but basing the product owner with the team deviates from Scrum.  

The product owners from the different teams come together to understand the Spotify vision as a whole and then proceed to devise individual product backlog for their respective squads. This principle holds with the understanding in Scrum where the product owners act as the bridge between the teams and the users and interpret the user requirements to user story into the product backlog. 

The squads have access to a coach. The role of the coach is to run retrospective meetings, sprint planning meetings, undertake 1-to-1 coaching. These actions are recognisable of the role of a Scrum master. In Scrum, the Scrum master runs the retrospective meetings, sprint planning, manage blockers and are knowledgeable on the Scrum process and would act as knowledge guru on Scrum. 

Every squad is part of a wider family known as a Tribe but still independent and autonomous within the Tribe. This ensures that no blocking dependencies exist. This fact allows the squads to be able to deliver as regular as they wish, fulfilling a requirement of Scrum of continuous delivery and Agile Principle 1. 

The size of the tribe is sized such as that it numbers 100 individuals or less. This is a cultural specificity of Spotify and has no reciprocity in Scrum but is part of the agile methodology of matrix grouping. The squads of the tribes are located in the same location and share common areas to encourage sharing. This is part of an agile methodology where agility and interactions are encouraged. This community within the tribe encourage sharing of technology and knowledge and therefore leads to improving the quality of software delivered by the squads. 

To identify cross squad dependencies, surveys are carried out. It is unclear whether this is done by the agile coaches or the individual team members.

On occasion, a Scrum meeting described as ‘Scrum of Scrums’ is held on demand to iron out issues that arise from squads working on a common backlog. This sounds like a version of a Sprint Retrospective but devised to work for Spotify. The teams during this special occasion hold daily meetings, similar to daily sprint meetings where dependencies and blockers are identified.

Different squads feature depending on the frame of the Spotify product:
i) Feature squad – who focus on a feature
ii) Client app squad – who focus on release easy for specific areas of the platform
iii) Infrastructure squad – who facilitate the squads to be self-sufficient by providing tools.

Chapter and guilds are a grouping of people with similar skill sets from across the squads. The chapter lead happens to be the line manager of the members of the chapter. A guild is a grouping of people with similar interest. The chapters are local while the guild is company-wide. The specific aspect is not relatable to Scrum and happens to be an organic organisation that fits the culture of Spotify. But due to the matrix effect across the company, the product owner defines the ‘what’ to build aspect of the development and the chapter lead informs on the ‘how’ acting more as a competence leader. This relationship creates a tension where the product owner is concerned with speed and the chapter lead is concerned with quality.

A feature of Spotify development is the use of feature toggles and release trains. This allows for the continuous release of working software and the toggle option allows for not fully release-ready software to be bundled up earlier to allow continuous integration and delivery to occur. The idea of release easy, small and frequent matches with Scrum’s expected continuous delivery of working software and Agile Principle 1 [6] . And further, because of the future feature releases bundled in, it allows other teams to be aware and helps ensure that the software is always working even without the availability of the toggled software.

Although on the surface Scrum and Agile methods appear to be effectively embedded into Spotify, some of the principles are not religiously adhered to. According to Joakim Sundén at Lean Agile Scotland interviewed by InfoQ who said, ‘In fact, many squads aren’t even that disciplined with common agile team practices. They might have planning meetings, but they don’t necessarily follow up how they perform against the plan or reflect on how they can improve on it [20] [21]’.
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The success of Agile is centred around people, their collaboration, and the breaking of tasks into smaller modular parts that are easily deliverable and repeatable. Constant delivery and feedback are vital to providing assurance of keeping to the desired goal of the project. 

A note of caution with Agile methods is the proverbial double-edged sword of customer involvement throughout the project. If the customer is unclear of their needs, requirements or knows not what they want then the project is bound to failure regardless of implementation methodology.

The experience of Spotify is that Scrum allows for an “a la carte” selection and tailoring of practices that work for it. Scrum exists and functions well as a container for other techniques, methodologies, and practices [10], and the fact that Spotify has kept Scrum in parts bodes well that Scrum as an Agile methodology works. Scrum allows for agility in its implementation.
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The Manifesto states:

‘We are uncovering better ways of developing software by doing it and helping others do it. Through this work we have come to value:
· Individuals and interactions over processes and tools
· Working software over comprehensive documentation
· Customer collaboration over contract negotiation
· Responding to change over following a plan

That is, while there is value in the items on the right, we value the items on the left more [6].’ The authors were:
 
[image: ]
Table 2: Agile authors 2001 [6]
The 12 principles agreed were:

1. Our highest priority is to satisfy the customer through early and continuous delivery of valuable software.
2. Welcome changing requirements, even late in development. Agile processes harness change for the customer's competitive advantage.
3. Deliver working software frequently, from a couple of weeks to a couple of months, with a preference to the shorter timescale.
4. Business people and developers must work together daily throughout the project.
5. Build projects around motivated individuals. Give them the environment and support they need, and trust them to get the job done.
6. The most efficient and effective method of conveying information to and within a development team is a face-to-face conversation.
7. Working software is the primary measure of progress. 
8. Agile processes promote sustainable development. The sponsors, developers, and users should be able to maintain a constant pace indefinitely.
9. Continuous attention to technical excellence and good design enhances agility.
10. Simplicity--the art of maximizing the amount of work not done--is essential.
11. The best architectures, requirements, and designs emerge from self-organizing teams.
12. At regular intervals, the team reflects on how to become more effective, then tunes and adjusts its behaviour accordingly [6].
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The waterfall model is sometimes known as the classical model or the one-shot or once-through model [22].
[image: ]
Figure 2: Waterfall Model
The waterfall model described in Figure 1 above is the depiction of the waterfall model as described by Royce, 1970 [23]. It shows the stages according to an agreed plan. In principle, the next stage of the plan is only possible only once the previous stage is completed which is a disadvantage. Although a variant of the model has been proposed [23] in Figure 2, it is still confined to a change in only the previous step. Change in the waterfall model is difficult and expensive. Later variations of the waterfall model include testing processes against the activity in the life cycle.  
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Figure 3: Waterfall model with iterations
In cases involving change after system requirements, iterative development and agile methodology are considered.
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Iterative and incremental lifecycle models involve the concurrency of activities during the stages of the lifecycle and the ability of latter stages of the lifecycle to be able to provide feedback to the earlier stages of the lifecycle. Major advantages of these models over waterfall model are lower cost, parallel development and available feedback throughout the development process. However, this model still exhibits problems especially with requiring more resources, scope creep, and more management.

A variation of the incremental development is the spiral model [24] [25]. It allows for various points of decision making, consideration of development risk and allows for comprehensive time estimation and prototyping. 
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Figure 4 Spiral Model- Barry Boehm 1988

Prototyping allows for the development of a quick working model of specific aspects of the system. It allows for testing and testing of assumptions in the incremental development.  
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Figure 2. Implementation steps to develop a large computer program for delivery to a customer.
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